Background The aim of the study was to evaluate the effectiveness of home visiting programmes on the uptake of childhood immunization.
Introduction
Uptake of childhood immunization in the UK is high, and increasing for all childhood immunizations except for the MMR (measles, mumps and rubella). In 1996, 96 per cent of children were immunized against diphtheria and tetanus, 95 per cent against type b Haemophilus influenzae, 94 per cent against pertussis and 91 per cent against measles, mumps and rubella, by the end of the first 2 years of life.
1 However, at a health district level, 35 per cent of districts did not achieve an MMR coverage of more than 90 per cent and one district did not achieve 90 per cent uptake for diphtheria by the end of the second year of life. 2 There is also evidence that immunization rates are lower amongst families living in socio-economic disadvantage, [2] [3] [4] [5] amongst single-parent families 6 and amongst mobile populations such as travelling families. 2 A large population-based intervention in Northumberland that fed named information regarding uptake to primary care teams and provided an immunization referral service, increased overall uptake, but inequalities in uptake between deprived and affluent areas persisted or increased. 4 The authors concluded that interventions aimed at reducing this inequality are required. One possible way of achieving this is through the provision of home visiting programmes. Five systematic reviews of the literature have examined the effect of home visiting on a range of maternal and child health outcomes. [7] [8] [9] [10] [11] Two of the reviews discussed the effect of home visiting on uptake of immunization. 10, 11 Both review studies using socially disadvantaged families and both found a positive effect on immunization, with a smaller proportion of home visited families having incompletely immunized children [odds ratio (OR) 0.37, 95 per cent confidence interval (CI) 0.27, 0.52; OR 0.56, 95 per cent CI 0.41, 0.66, respectively]. As part of a larger review of the literature assessing the effect of home visiting programmes on a range of maternal and child health outcomes, we present here the results relating to uptake of immunization.
home visiting programmes on a range of maternal and child health outcomes. The results relating to uptake of childhood immunizations are presented here. The results relating to other maternal and child health outcomes will be presented elsewhere.
Search strategy
We searched Medline from 1966 to July 1996; Cinahl from 1982 to July 1996; Embase from 1980 to September 1996 and the Cochrane Library. The Medline search involved several strategies. First, MeSH terms relating to methods (clinical trials, randomized controlled trials, comparative, evaluative, follow-up and prospective) were combined with the subject MeSH term Community Health Nursing (which includes health visitors and community nurses) using the search strategy to identify randomized controlled trials described by Dickersin et al. 12 Second, the methods MeSH terms were combined with the text words 'health visit$', 'home visit$' and 'domiciliary visit$'. Third, the subject MeSH terms described above were used in combination with text words relating to methods, which included 'evaluation', 'effectiveness' and 'outcome'. Finally, the text words relating to methods and subject were used in combination.
The Embase search included two searches; the first using the index terms 'clinical trial', 'clinical study', 'evaluation and follow up' and 'economics' combined with the index term 'health visitor', and the second using the text words 'effectiveness', 'evaluation' and 'outcome' combined with the text words 'home þ visit' and 'domiciliary þ visit'. The Cinahl search used the same text words as the second Embase search, but also included the index term 'health visitor'.
We hand searched the journal Health Visitor from 1982 to 1997 and the reference lists of reviews of the literature in the field. [7] [8] [9] [10] [11] Any theses referenced in papers, and in other theses, were also followed up. Key individuals and organizations were contacted to trace unpublished work, and advertisements were also placed in relevant journals to identify unpublished work.
Inclusion criteria
Papers were included if they reported an empirical study, with a comparison group, evaluating a home visiting programme. The home visiting programme had to include at least one post-natal home visit. The personnel delivering the home visiting had to undertake tasks that were within the remit of British health visiting, and did not belong to a professional group other than health visiting (e.g. community psychiatric nursing or midwifery). Finally, the study had to report outcomes relevant to British health visiting.
Selection of studies to be included in the review
The full texts of all studies identified by the search were obtained. One researcher (R.E.) reviewed all studies for inclusion criteria and for relevance. Where there were doubts about relevance relating to whether the tasks undertaken fell within the remit of British health visiting, or whether the outcomes were relevant to British health visiting, the health visiting members of the study team (J.R., K.B., D.W.) reviewed the paper and reached a joint decision.
Data extraction
For each study, the following data were extracted: purpose of study, experimental design, sample size determination, description and suitability of subjects, randomization and stratification, comparison group usage, procedures for management, blinding, subject attrition, evaluation of subjects and management. The number of participants in each treatment group was extracted, along with the number achieving each outcome for categorical variables, and the mean and standard deviation for continuous variables. Where outcomes were presented as percentages, we calculated the number with each outcome, from the data presented in the paper. Where odds ratios were not presented we calculated them and their 95 per cent CIs. Where studies reported immunization uptake figures at varying ages or evaluation periods, we used the results for the oldest age or the longest evaluation period. The quality of the studies included in the review was assessed by the Reisch scale, which is scored between zero and one, with higher scores representing higher-quality reports. 13 Three members of the research team independently quality scored the papers (D.K., M.H., M.B.), blind to the journal of publication, authors, results and conclusions of the studies. Inter-rater reliability was assessed by comparing quality scores from each of the three reviewers for 19 papers (19 per cent) included in the systematic review. The correlation coefficients between the pairs of raters were 0.71, 0.79 and 0.82. The overall intra-class correlation coefficient was 0.74 (95 per cent CI 0.52-0.88).
Combining outcome measures
Odds ratios have been combined with the fixed effects Peto method.
14 Heterogeneity between studies has been examined using the x 2 test. Random effects models have also been used as there was evidence of significant heterogeneity of effect sizes.
Publication bias
A funnel plot has been produced to assess the possibility of publication bias (Fig. 1) .
Results
In total, 1218 references were found from the searches. One hundred and two studies fulfilled the inclusion criteria, of which 11 studies reported immunization outcomes. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] One study reported an outcome measure that combined immunization and well child care visits. 19 The characteristics of the studies reporting immunization outcomes are shown in Table 1 . The evaluation periods, outcome measures and the results of each study are shown in Table 2 . Those studies whose outcome measures have been included in the meta-analysis are marked with an asterisk. A funnel plot of effect size against sample size ( Fig. 1) suggests that there may be some small studies with negative findings, which have not been included in this review and meta-analysis. It also demonstrates that the larger studies were less likely to show a beneficial effect than were those with small sample sizes. Nine of the studies reporting uptake of immunization had comparable measurements of uptake, which allowed their inclusion in a meta-analysis. 15, 17, 18, [20] [21] [22] [23] [24] [25] These were entered into the meta-analysis using Peto's method (fixed effects model). The pooled OR was 1.40 (95 per cent CI 1.16, 1.68) as shown in Fig. 2a . There was evidence of significant heterogeneity of effect sizes between the studies (x 2 ¼ 22. In view of the heterogeneity, which we were unable to explain by the subgroup analyses above, all nine studies were entered into a meta-analysis using a random-effects model. This produced a reduced effect size with wider confidence intervals, indicating that the effect was no longer significant (OR 1.17, 95 per cent CI 0.33-4.17), as shown in Fig. 2b .
Two studies were not included in any of the meta-analyses as one reported mean number of immunizations, without a standard deviation or a p value, 16 and the second used an outcome measure that combined uptake of immunizations and child health clinic check-ups. 19 One of the studies not included in the meta-analysis reported positive outcomes; Barth et al. reported a significantly higher mean score on the combined outcome in the intervention group (mean 6.59, SD 2.58) than in the control group (mean 4.67, SD 2.90).
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Discussion
Our review of the effectiveness of home visiting programmes has failed to demonstrate a beneficial effect of home visiting on uptake of immunization. Fixed effects models demonstrated a significant effect of home visiting for all studies and also for several subgroups of studies, but with significant heterogeneity of effect sizes. Random effects models in each of these cases failed to demonstrate an effect of home visiting.
Our subgroup analyses suggest that the heterogeneity of effect sizes cannot be explained by non-random allocation, by differences in socio-economic status or by the intensity of the intervention. Some of the heterogeneity may be explained by the characteristics of the intervenors, as restricting the analysis to studies where professionals provided the interventions reduced the heterogeneity. Where the heterogeneity has been reduced, or taken account of using a random effects model, we have been unable to demonstrate that home visiting is effective in increasing uptake of childhood immunization. This result differs from that found in two previous meta-analyses by Hodnett and coworker. 10, 11 Both of the previous meta-analyses included fewer studies. The first included three studies, two of which reported trials of home visiting and uptake of immunization. 10 The second included 11 studies, six of which reported immunization outcomes. 11 One large randomized controlled trial has been published since both of these reviews and has been included in our review. 25 This trial did not find a beneficial effect of home visiting on immunization uptake, and its inclusion in a meta-analysis will tend to reduce the pooled effect size. The meta-analyses in the previous reviews may have used a fixed effects model (and did not report measures of heterogeneity) and this is may partly explain our differing results, in addition to the effect of the recently published large trial with negative findings.
The funnel plot suggests there may be small studies with negative findings that we failed to include in our review. The existence of studies such as these, and their inclusion in a meta-analysis, would lead to a further reduction in the observed treatment effect, and hence would not alter our conclusions. Examination of the funnel plot does not suggest failure to find studies with positive results, and in view of the publication bias towards publishing positive rather than negative results, this would seem unlikely.
What are the implications of our findings? Home visiting programmes have not been found to be effective in increasing immunization uptake, so other measures may be needed to increase uptake amongst the hard to reach. The studies we reviewed provided maternal support but did not provide immunization at home. Our findings suggest that multi-faceted home visiting programmes are not sufficient to increase uptake, and that more specific interventions may be required to achieve this. Several local domiciliary immunization schemes have been evaluated; all of which have demonstrated increased uptake. [26] [27] [28] Such a programme may also reduce inequalities in uptake. Immunization at home could be provided either as part of an existing home visiting programme or as a separate intervention. However, there have as yet not been any published large-scale controlled evaluations assessing the effectiveness and cost effectiveness of such programmes, and these would be required before their adoption on a large scale. D, diphtheria; P, pertussis; T, tetanus; MMR, measles, mumps and rubella; TB, tuberculosis.
